All relevant data are within the manuscript and its Supporting Information files [S1 Table](#pone.0228742.s001){ref-type="supplementary-material"}.

Introduction {#sec001}
============

Biodiversity is under unprecedented global pressure from anthropogenic change. Declines, extirpations and extinctions of populations of wild species are occurring widely \[[@pone.0228742.ref001],[@pone.0228742.ref002]\]. Given that conservation resources are limited, efficient quantitative methods are needed to decide whether a species' population and habitats are in a healthy state, and what the desired outcome of conservation efforts should be \[[@pone.0228742.ref003],[@pone.0228742.ref004]\]. National and international environmental laws may require assessments of status of populations of wild species as being, for example, 'favourable' \[[@pone.0228742.ref005], [@pone.0228742.ref006]\] or 'recovered' \[[@pone.0228742.ref007], [@pone.0228742.ref008], [@pone.0228742.ref009]\]. For example, the Endangered Species Act (ESA) in the United States \[[@pone.0228742.ref007]\], the Habitats \[[@pone.0228742.ref010]\], and Birds \[[@pone.0228742.ref011]\] Directives in the European Union and the Bonn Convention \[[@pone.0228742.ref012]\] globally, require such assessments. Such assessments can also provide a rationale for the prioritisation of conservation action \[[@pone.0228742.ref007],[@pone.0228742.ref008],[@pone.0228742.ref010],[@pone.0228742.ref011]\]. However, these terms tend not to have consistent quantitative definitions. In our view, there is not yet any adequate, quantitative method to calculate a threshold for favourable population size to contribute to wider assessments of species' conservation status. It has been suggested that a favourable population might be attained when the population of a species in a region is at or close to its carrying capacity under land cover conditions which are ideal for it \[[@pone.0228742.ref005], [@pone.0228742.ref013], [@pone.0228742.ref014]\]. However, this is not a workable approach because it ignores trade-offs among species with contrasting requirements in any fixed land area. Under this potential carrying capacity approach, actions required to deliver a favourable population outcome for one set of species are likely to make conditions unfavourable for others with contrasting habitat requirements. We do not see a rational way to reconcile these conflicts among the contrasting ideal requirements of species. Additional difficulties in using the carrying capacity approach for decisions on favourable status have been considered by Trouwborst *et al*. \[[@pone.0228742.ref015]\].

Another approach is to define acceptable population targets by reference to past populations. For example, in the U.S. and Canada, numerical population targets are set for all bird species of continental and regional importance within the Partners in Flight Landbird Conservation Plans \[[@pone.0228742.ref016]\]. The targets are set to reinstate what the national population would have been 30 years ago, with the baseline population estimates and trends being derived from distribution and abundance data \[[@pone.0228742.ref016]\]. This approach is pragmatic, but susceptible to the shifting baseline syndrome, in which what is deemed acceptable is defined by reference to a purely arbitrary status in the recent past, when species' populations may already have been depleted \[[@pone.0228742.ref017]\]. Because it uses measurements of declines over a relatively short timescale, this approach does not account for declines occurring over longer periods.

Threshold measures of favourable population size, which do not involve ideal carrying capacity or arbitrary baselines in the recent past, may use estimates of minimum viable population size (MVP). This approach involves maintaining population size at a level which keeps the risk of population extinction below an acceptable threshold. If data on density dependence and the effects of environmental and demographic stochasticity on demographic rates, population growth rate and carrying capacity are available over a sufficiently long interval, a population viability analysis can be performed to estimate the long-term probability of extinction. However, such detailed and long-term datasets are extremely rare. More often, there are sufficient data to model the probability of extinction based upon short runs of data for periods when population size shows little or no consistent trend. This situation is described by the small-population paradigm of Caughley \[[@pone.0228742.ref018]\], in which a minimum threshold population size can be defined, above which there would be an acceptably low risk of extinction within a defined period. Under this paradigm, a population above the MVP, with mean demographic rates sufficient to allow it to be stable, would probably persist in the long-term, whereas one below the MVP with the same mean demographic rates would be unacceptably liable to decline to extinction because of environmental and demographic stochasticity. However, models fitted to such short runs of data are likely to underestimate the effects of sustained population declines caused by long-term deterioration in environmental conditions. We therefore suggest that the threshold for favourable population size should certainly be greater than this small-population paradigm MVP, because future adverse changes in external factors affecting a small stable population could cause it to undergo a sustained and unforeseen decline. How much greater than the small-population paradigm MVP should that threshold be? Clearly, the answer depends upon the frequency and magnitude of unforeseen sustained population declines in the real world. In this paper, we focus on developing a standardised method for establishing a factor by which a species-specific MVP should be multiplied to protect against unforeseen future declines. To do this, we use data on observed sustained population declines of wild birds in the UK to estimate the value of this factor or multiplier. Although this illustrative example involves birds, we suggest that our approach could also be applied to other taxa for which long-term population data exist, such as the large number of vertebrate species covered by population time series in the Living Planet Index \[[@pone.0228742.ref019]\]

Methods {#sec002}
=======

Implications of truncation in time-series data {#sec003}
----------------------------------------------

Periods over which animal population sizes are measured repeatedly using comparable methods usually span a few decades at best, which is short relative to the duration of some declines. Our main analytical challenge was to develop methods to allow for such data truncation and thus avoid underestimation of the prevalence and magnitude of declines of long duration. We achieved this by calibrating results from detailed, quantitative, but shorter-term trend data (43 years) \[[@pone.0228742.ref020]\] against data from a qualitative survey of population trends over almost 200 years \[[@pone.0228742.ref021]\].

Quantitative data on breeding bird populations in the UK {#sec004}
--------------------------------------------------------

We used breeding bird population data from the UK, where there is a relatively long history of quantitative bird population monitoring. The dataset we used was originally compiled to assess the conservation status of all UK breeding bird species \[[@pone.0228742.ref020]\] and covers the period 1970 to 2013. Annual population estimates or population indices believed to be directly proportional to population size were available for many species, but species with occasional national surveys at longer intervals were also included. The results we used were smoothed trends fitted to annual data from the British Trust for Ornithology (BTO) and Joint Nature Conservation Committee (JNCC) Common Birds Census (CBC) and the BTO/JNCC/Royal Society for the Protection of Birds (RSPB) Breeding Bird Survey (BBS) \[[@pone.0228742.ref022]\], annual data from the Rare Breeding Birds Panel \[[@pone.0228742.ref023]\], and national population estimates from surveys of single species, which were typically undertaken at intervals of at least several years \[[@pone.0228742.ref020]\]. The decline data used are in supporting information [S1 Table](#pone.0228742.s001){ref-type="supplementary-material"}.

We analysed data for 189 species native to the UK. The beginning and end of each time series was taken to be the first t~initial~ and last t~last~ years with a population index or estimate, so that (t~last~---t~initial~) defines the surveillance period. Surveillance periods were 20 years or more for 167 species and covered the whole 43-year period 1970--2013 for 129 species. We then used these data (i) to identify sustained population declines (SPDs) and (ii) to quantify their attributes (duration and magnitude) and the extent to which these estimates were affected by data truncation, and (iii) to then account for the effect of truncation on SPD attributes.

### Identification of sustained population declines {#sec005}

The surveillance periods were searched for SPDs, which we defined using the following rules. We identified the longest period in the series, subject to a minimum of 10 years, in which the population or index *n*~*start*~ at the beginning of the period *t*~*start*~ was larger than the population *n*~*stop*~ at the end of the period *t*~*stop*~, and with all the intervening population values within the period being smaller than *n*~*start*~. We omitted data for two species for which the duration of the time series was fewer than ten years, leaving 187 species for further analysis. If such a period was identified it was considered a candidate SPD and was evaluated against the following additional criteria. Beginning at *t*~*start*~, the candidate period was searched until a population size value occurred that was smaller than the next value in the series. This value was termed *n*~*low*~ and the year in which it occurred was termed *t*~*low*~. If values of *n* in all the years of the candidate decline period after *t*~*low*~ remained above *n*~*low*~ the decline was deemed to have ended at year *t*~*low*~. The population at the end of the sustained decline *n*~*stop*~ was then set at *n*~*low*~ and the year of cessation of the decline *t*~*stop*~ was taken to be *t*~*low*~. Otherwise, the decline was deemed to have continued beyond *t*~*low*~. In that case, the process was repeated until conditions were satisfied for the end of the decline or the end of the candidate SPD was reached. Once the end of an SPD was identified, the procedure described above was repeated on all the later years of the time series to identify any further candidate SPDs. All candidate SPDs reaching the arbitrary minimum duration of 10 years were then confirmed as SPDs, with more than one SPD possible for each species.

Some SPDs identified by this method might have begun before t~start~ or ended after t~stop~, but this may not have been detected because the period of surveillance was short. To take this into account, we identified those SPDs for which the start time t~start~ occurred fewer than five years after t~initial~, or ended fewer than five years before t~last~, as having uncertain duration and magnitude, with their calculated magnitudes and durations therefore being minima because of left-censoring of the data, right-censoring or both. Our analyses of SPD duration, taking censoring into account, are analogous to survival analyses with censoring (see Kalbfleisch \[[@pone.0228742.ref024]\]). In this case, the persistence of an ongoing SPD from one year to the next can be regarded as equivalent to the survival of an individual.

### Attributes of sustained population declines {#sec006}

We detected a total of 82 SPDs, involving 80 species. For most species there was one SPD, but two SPDs were detected for two species. It was possible to define the start of 43 of the 82 SPDs, with the remaining 39 declines already being in progress at the start of the time series or beginning within five years. For 46 of the 82 SPDs, including 25 of the 43 with defined start dates, the end of the decline was not well-defined because the apparent stop date (t~stop~) was within five years of the end of the time series (t~end~), which we took to indicate that there was insufficient evidence that the decline had stopped. Hence, there were only 18 SPDs (22%) for which both start and stop dates were well-defined, and were thus complete. The remainder were classified as truncated, and hence their apparent durations and magnitudes were minima.

Finally, whether complete or truncated, we defined the magnitude *m* of an SPD as the factor by which population size was estimated to have declined, *n*~*start*~/*n*~*stop*~, using the last year with a population greater than zero as the denominator in cases where the population declined to extinction. The duration of the SPD was taken to be *t*~*stop*~*---t*~*start*~.

### Analysis of frequency distribution of SPD durations to account for truncated declines {#sec007}

Having begun, an SPD might be assumed to have a constant annual probability of ending in any given year. If that was so, it would allow a simple statistical description of the distribution of SPD durations in which the probability density function f(*d*) of SPD duration *d* is modelled as the exponential decay function, $$f\left( d \right) = \left( \frac{1}{\theta} \right){\exp\left( {- \theta\ d} \right),}$$ where θ is the annual probability that an ongoing SPD comes to an end because the population becomes stable or starts to increase. If the assumption of exponential decay is an acceptable approximation, it would then be possible to use data on all SPDs to estimate *θ*, regardless of whether the start date of the SPD was known. We tested this assumption by plotting a Kaplan-Meier graph of the proportion of the 43 declines with known starts for which the decline was still in progress in each successive year. We also estimated the annual probability of a decline stopping under our hypothesis of a fixed annual probability by the maximum-likelihood method of Kalbfleisch \[[@pone.0228742.ref024]\] for right-censored lifetimes. Both the Kaplan-Meier plot and maximum-likelihood analysis allow for right-censoring caused by truncation at the end of the time series. We used a χ2 test to compare observed and expected numbers of declines in each of three categories of duration (10--13, 14--19 and 20--34 years), defined to avoid expected frequencies per class of fewer than five. The purpose of this was to test the assumption that the cessation rate of SPDs could reasonably be modelled using the exponential decay function. Having found that the exponential model fitted complete SPDs reasonably well (see [Results](#sec011){ref-type="sec"}), we used the maximum-likelihood method of Kalbfleisch \[[@pone.0228742.ref024]\] to estimate *θ* from all 82 SPDs, including those with uncertain start dates. We estimated the arithmetic mean duration of SPDs as −1/*loge*(1−*θ*)

### Analysis of frequency distribution of SPD magnitudes to account for truncated declines {#sec008}

We plotted the relationship between SPD magnitude and duration for all 82 SPDs. We considered this acceptable because the mean annual rate of population decline *v*, estimated for a given SPD as $$v = 1‐m^{({1/{({tstop‐tstart})}})}$$ did not differ significantly between complete (N = 18) and truncated (N = 64) SPDs (Mann-Whitney U test, *U* = 453, *P* = 0.168). Neither was the mean annual rate of population decline significantly correlated with decline duration (Spearman rank correlation *r*~*S*~ = -0.020, *P* = 0.857). Not surprisingly, long SPDs had larger magnitudes (*m*) than short SPDs (*r*~*S*~ = 0.491, *P* \< 0.0001). This lack of dependence of *v* on duration allows us to model decline rates and SPD cessation rates separately and combine the results later to model decline magnitudes.

The values of *v* appeared to be log-normally distributed and this was tested and supported by estimating the least squares mean and standard deviation of log~e~*v* and comparing the observed and modelled cumulative distributions using a Kolmogorov-Smirnov one-sample test of goodness-of-fit (see [Results](#sec011){ref-type="sec"}). We therefore used a model of decline magnitude in which we assumed that log~e~*v* varied among species according to a normal distribution with mean *μ* and standard deviation *σ*, but that the rate of decline was unrelated to decline duration. Under this model, the expected geometric mean decline magnitude *m* for SPDs of duration *d* is given by $$\left( {1‐\mu} \right)^{‐d},$$ and the probability density function of decline magnitude g(*m*,*d*) at a duration *d* for a set of SPDs which are still in progress is given by the normal distribution of $$log_{e}{({1‐exp{({‐log_{e}{(m)}})}^{1/d}})},$$ with mean *μ* and standard deviation *σ*. We obtained the expected probability density of SPDs of all durations by integrating numerically with respect to *d* the product of f(*d*) and g(*m*,*d*) for each value of *m*, using our estimates of the mean and standard deviation of log~e~*v* as *μ* and *σ*. This procedure gives the unbiased probability density distribution of SPD magnitudes that would be expected if surveillance periods were indefinitely long.

The effect of duration of the surveillance period on the prevalence of SPDs {#sec009}
---------------------------------------------------------------------------

We have now used the 1970--2013 time-series data to estimate the frequency distribution of SPD durations and magnitudes, accounting for the effect of data truncation. However, we did not consider that the 1970--2013 time-series data set was sufficient to estimate SPD prevalence (defined as the probability that a species' population will be affected by an SPD during a surveillance period of defined length during which population size was monitored reliably) because of the limited maximum duration of the time series and the fact that surveillance periods varied among species. We therefore also estimated the prevalence of SPDs using results from a review of long-term changes in breeding populations of birds in the UK \[[@pone.0228742.ref021]\] by Gibbons, Avery & Brown (henceforth termed GAB). GAB assessed trends in breeding populations of all bird species in the UK qualitatively over almost 200 years, between 1800 and 1995. They assigned scores on an eleven-point integer scale to indicate the magnitude and direction of population trends in each of five time periods of varying duration (25--49 years: 1800--1849, 1850--1899, 1900--1939, 1940--1969 and 1970--1995). The scores were defined in terms of rates of population increase or decrease, ranging from "huge decrease" (-5) to "huge increase" (+5), with species whose population showed little or no trend during a period, or fluctuating numbers, being assigned the central value of zero. The GAB scores were based upon previous reviews of historical data by other authors and their own assessment of recent trends. Given the duration of the periods assessed by GAB, the declines they identified are likely to have minimum durations broadly comparable with the ten-year minimum we used in our definition of SPDs based upon 1970--2013 quantitative data.

We used data for 229 native species (from Table 2 within GAB \[[@pone.0228742.ref021]\]) and calculated the proportion of species *p* for which a decline (score -1 to -5) was recorded for each of the six GAB time periods. We then combined GAB results for pairs of consecutive periods and calculated the proportion of species in which a decline was recorded in either or both of the component shorter periods within the composite period. We repeated this for all possible sets of composite periods comprising three, four, five and six consecutive GAB periods. This gave us a set of 15 surveillance periods with durations, *s*, varying from 25 years to 195 years (1800--1995) and estimated proportions, *p*, of species with a decline in one or more of the component periods. Having inspected a plot of *p* against *s* to assess a plausible shape for the relationship, we fitted the least squares regression of log~e~(1-*p*) on *s* and estimated *p* for a given *s* as $$p = 1‐exp\left( {b_{0} + b_{1}\ s} \right),$$ where *b*~*0*~ and *b*~*1*~ are the fitted intercept and slope of the regression. We assessed whether the GAB analyses gave an approximation of SPD prevalence that was comparable with our more recent short-term quantitative results, by comparing our single estimate of SPD prevalence for 1970--2013 with that for the overlapping GAB period (1970--1995) and the value predicted by the regression model.

Combining SPD magnitude and prevalence data to estimate the exceedance distribution of SPD magnitudes beginning in a surveillance period of defined length {#sec010}
----------------------------------------------------------------------------------------------------------------------------------------------------------

We were now able to integrate our analyses of SPD prevalence, duration and magnitude to estimate the proportion of all species that would be subject to an SPD of a given magnitude beginning in a surveillance period of a specified duration (100 years). This procedure covered the whole range of magnitudes, from zero upwards. To do this, we converted the calculated probability density distribution of SPDs to an exceedance (negative cumulative) probability distribution and then multiplied the exceedance probabilities for each decline magnitude by the proportion of species expected to undergo a population decline within a surveillance period of defined length. We used the regression results described above to estimate the proportion of species with a decline in a surveillance period of 100 years.

We calculated 95% confidence limits of all results using a non-parametric bootstrap method with species as the unit for bootstrap resampling. We resampled the data for *N* species by drawing a sample of *N* at random with replacement. We then performed the analyses described above on the bootstrap sample and recorded the estimated parameter values and quantities derived from them. We performed the bootstrap resampling 10,000 times and took the bounds of the central 9,500 bootstrap parameter estimates or derived values to define the 95% confidence limits.

Results {#sec011}
=======

Prevalence of SPDs in relation to the duration of the surveillance period {#sec012}
-------------------------------------------------------------------------

We detected one or more SPDs in 80 of 187 species (43%). Surveillance periods averaged 38.3 years across the 187 species. This is close to the maximum value of 43 years if surveillance of all species had covered the entire period.

Analysis of GAB population trend scores for six 25--49-year periods in the 195-year period 1800--1995 indicated that the proportion *p* of species in which a decline was recorded in at least one period increased with increasing duration of the composite surveillance periods ([Fig 1](#pone.0228742.g001){ref-type="fig"}). The least-squares estimates of the intercept and slope parameters *b*~*0*~ and *b*~*1*~ were -0.3153 and -0.0031 respectively when any negative GAB score was taken to indicate an SPD ([Fig 1](#pone.0228742.g001){ref-type="fig"}). A significance test of this relationship would not be appropriate because the observations in the composite periods are not mutually independent. There was close agreement between both the SPD prevalence calculated from the recent quantitative population data for 1970--2013 and the GAB results for the most recent overlapping GAB period (1970--1995), and the prevalence predicted from the GAB regression ([Fig 1](#pone.0228742.g001){ref-type="fig"}). We therefore considered that the agreement between the GAB regression and the SPD prevalence for 1970--2013 was sufficiently good for us to use the GAB regression to predict the prevalence of SPDs in any surveillance period up to 200 years. In our case, having selected a surveillance period of 100 years, the predicted prevalence of SPDs from the GAB regression was 0.464 (95% confidence limits 0.413--0.515).

![Proportion of UK breeding bird species with at least one assessment period in which there was a population decline in relation to the duration of the composite surveillance period over which population status was assessed.\
Filled symbols represent results based upon the population trend scores from Gibbons, Avery & Brown \[[@pone.0228742.ref021]\] (GAB). The filled square is for the most recent of the GAB periods (1970--1995), which overlaps with the period of our analysis of recent population trends (1970--2013). The proportion of species with an SPD, according to our definition, in 1970--2013 is shown by the open square and is plotted at the mean duration of surveillance of the 187 monitored populations for this period. All negative GAB trend scores were classified as declines.](pone.0228742.g001){#pone.0228742.g001}

Duration of SPDs {#sec013}
----------------

Kaplan-Meier and maximum-likelihood analysis of SPD durations of UK birds in the period 1970--2013 indicated that an exponential model of the annual probability of cessation of a decline gave a satisfactory fit to the data. The exponential model fitted to the data for the 43 declines with a known start date showed a good agreement between the observed and modelled SPD stop times ([Fig 2A](#pone.0228742.g002){ref-type="fig"}). The distribution of stop times of the 18 complete SPDs showed no indication of departure from the distribution expected from the fitted exponential model (goodness-of-fit χ^2^~(2)~ = 0.253, *P* = 0.881). The maximum-likelihood estimate of the annual stopping rate parameter *θ* from the subset of the data with known SPD starts was 0.0375 (95% confidence limits 0.0224--0.0575), which is similar to the equivalent estimate derived from all the SPD data, regardless of series truncation, *θ* = 0.0308 (95% confidence limits 0.0220--0.0415) ([Fig 2B](#pone.0228742.g002){ref-type="fig"}). Because of this similarity, and the greater precision of the estimate based upon all the data, we decided to use the latter in further analyses. Based upon this value of *θ*, the arithmetic mean duration of SPDs expected if surveillance had been of indefinite duration, was 31.9 years (95% confidence limits 23.6--44.9) and 10% of SPDs would be expected to have durations exceeding 73.5 years (95% confidence limits 54.3--103.4).

![Kaplan-Meier diagrams showing the proportion of SPDs of UK birds in the period 1970--2013 that were still in progress, in relation to the number of years elapsed since they began or were first detected.\
The upper panel (a) shows the proportion of declines still in progress for the 43 declines with a well-defined start date. The solid curve shows the fitted exponential maximum-likelihood model. The dotted curves are 95% bootstrap confidence limits. The lower panel (b) shows the proportion of declines still in progress for all 82 declines in relation to time elapsed since the decline started or the beginning of the time series, including data for SPDs for which the start date was not well-defined.](pone.0228742.g002){#pone.0228742.g002}

SPD magnitudes and annual rates of population decline {#sec014}
-----------------------------------------------------

SPD magnitudes tended to increase with their duration ([Fig 3](#pone.0228742.g003){ref-type="fig"}). Because mean annual rates of population decline *v* calculated from these magnitudes and durations showed no tendency for annual rate to vary with duration (see [Methods](#sec002){ref-type="sec"}), we considered it reasonable to model magnitudes as resulting from annual decline rates that vary among species, but not with SPD duration. A fitted log-normal distribution of *v*, obtained from the mean (-3.287) and standard deviation (0.710) of log~e-~transformed *v* values, matched the observed cumulative distribution of values well ([Fig 4](#pone.0228742.g004){ref-type="fig"}: Kolmogorov-Smirnov *D* = 0.080, *P* \> 0.20). The mean is equivalent to a geometric mean annual rate of population decline of 0.0374 (95% confidence limits, 0.0316--0.0430).

![Magnitudes of SPDs in relation to their duration for 82 SPDs of UK breeding bird populations during the period 1970--2013.\
The vertical scale is logarithmic. The solid line represents expected values of geometric mean decline magnitude for a given decline duration, based upon the estimated mean of log-transformed annual rate of population decline averaged over all populations. The dotted lines represent lower and upper 95% bootstrap confidence limits for the modelled geometric mean decline magnitude.](pone.0228742.g003){#pone.0228742.g003}

![Cumulative distribution (stepped line) of the mean annual rate of population decline observed for 82 SPDs recorded for UK breeding bird populations during the period 1970--2013.\
The curve represents the log-normal distribution fitted by calculating least-squares estimates of the mean and standard deviation of log~e~-transformed annual rates of population decline.](pone.0228742.g004){#pone.0228742.g004}

Exceedance distribution of SPD magnitudes beginning in a surveillance period of 100 years {#sec015}
-----------------------------------------------------------------------------------------

The exceedance distribution of SPD magnitudes expected in a simulated surveillance period of 100 years, derived from our models of the prevalence, duration and magnitude of SPDs is shown in [Fig 5](#pone.0228742.g005){ref-type="fig"}. This probability distribution can then be used to calculate the SPD magnitude that would be expected to be exceeded by a specified proportion of species during a 100-year surveillance period. For example, we estimated that 10% of species would begin an SPD of magnitude 15.8 or more in a surveillance period of 100 years (95% confidence limits of the magnitude, 8.1--42.9).

![Modelled exceedance (negative cumulative) distribution (solid curve) representing the proportion of all species, including those that did not decline, expected to have SPDs equal to or greater than the decline magnitude shown on the horizontal axis, with a surveillance period of 100 years.\
The dotted lines show 95% bootstrap confidence limits. The filled circle represents the estimated decline magnitude exceeded by one-tenth of all species. The horizontal line is the 95% bootstrap confidence interval of this estimate.](pone.0228742.g005){#pone.0228742.g005}

Discussion {#sec016}
==========

Prevalence, duration and magnitude of sustained population declines of UK breeding birds {#sec017}
----------------------------------------------------------------------------------------

Annual rates of population decline in our study are broadly comparable with those reported for declining populations from other large compilations of data on population growth rates of birds \[[@pone.0228742.ref025]\]. However, the true magnitude of population declines, from beginning to end, has been assessed less often because the duration of consistent quantitative monitoring is usually too short to allow the beginning and end of declines to be defined for enough populations. This can lead to underestimation of decline duration and magnitude. Our study addressed this problem by taking truncation of quantitative population time series into account in the analyses, and by calibrating quantitative analyses based upon a relatively short (43-year) time series against a qualitative assessment of population trends of UK breeding birds over almost 200 years. Our results indicate that sustained population declines (SPDs) of 10 years or more have occurred frequently in UK bird species during the last two centuries and that a substantial proportion of species is liable to declines of large magnitude. We estimated that 10% of species would be expected to begin a decline of at least sixteen-fold (i.e. a decline to not more than 6% of the initial value) during a period of 100 years. If we take the lower 95% confidence bound of the multiplier, the decline magnitude expected for 10% of species is eight-fold (a decline to not more than 12% of the initial value). If we adopt a precautionary approach and take the upper 95% confidence bound, the decline magnitude expected for 10% of species is 43-fold (a decline to about 2% of the initial value).

Implications of sustained population declines for conservation management and the setting of a threshold for favourable population size {#sec018}
---------------------------------------------------------------------------------------------------------------------------------------

In birds and other taxa, population declines tend to be followed by resumed further declines or lack of recovery \[[@pone.0228742.ref026]\]. This implies that a high prevalence of large declines may risk moving many populations from being large and insensitive to stochastic fluctuations to being small enough to be at risk of extinction because of demographic and environmental stochasticity, even if they become stable: the small-population paradigm of Caughley \[[@pone.0228742.ref018]\]. Any minimum threshold measure for population size should therefore safeguard species against plausible risks of sustained population decline that might drive population size to its small-population MVP or below, in addition to guarding against the effects of environmental and demographic stochasticity once the population is at or below the small-population MVP.

Consequently, although MVPs based on the small-population paradigm and short runs of data are often all that is available for assessing extinction risk \[[@pone.0228742.ref027]\], our findings of a high prevalence of large magnitude population declines suggest that such MVPs under-estimate extinction risk because even a large and apparently stable population runs an appreciable risk of being subject to unforeseen long-term decline. The decline to global extinction of the passenger pigeon *Ectopistes migratorius* is a salutary example, as noted by Flather *et al*. \[[@pone.0228742.ref028]\]. This impact of risk of sustained population decline is likely to explain the finding by Reed *et al*. \[[@pone.0228742.ref027]\] that MVP estimates based upon studies of long duration tended to be much larger than those based upon short studies. We therefore propose that, to calculate minimum population thresholds for any currently stable population, the small-population paradigm MVP believed to be most appropriate for the focal population, should be multiplied by a factor intended to account for the risk of a sustained decline which might occur over a longer period, derived as we have illustrated for UK breeding birds. We term this factor, the *MVP Multiplier*. For example, if a stable- MVP for a population was calculated to be 1,000 adult individuals (at 90% probability of persistence for 100 years), we propose multiplying that MVP by a factor that would achieve the same probability over the same period of ensuring that the population would not be depleted to below its MVP. In the case of UK breeding birds, that factor would be 15.8, and a population of 15,800 adults could be regarded as a minimum threshold. These criteria are quantitative, but it should be recognised that the level of risk selected is arbitrary. For example, if decision-makers were unwilling to accept a risk as high as 10% that the focal population would suffer an SPD that would deplete it to below the MVP, then the multiplier value chosen would need to be greater. All existing classifications of conservation status also have arbitrary criteria based upon a human value judgement about what risks of harm to populations of wild species are acceptable. An additional consideration is the wide confidence interval for our estimate of the multiplier. A precautionary argument could be made that the upper bound of its 95% confidence limit (42.9) should be used. Future improvements in data and estimation methods might then allow the multiplier value in use to be reduced.

Which value of the multiplier should be used for a particular species or group of species requires further research. The future risk of a population undergoing a sustained decline and the decline magnitude may prove to be predictable to some extent, based upon species-specific life-history or ecological variables or projections of anthropogenic pressures such as habitat loss, pollution and climate change. To date, however, a high proportion of large sustained population declines in recent history have not been predicted, based upon either formal analyses or expert judgement. For example, no-one foresaw the recent thousand-fold decline in the global population of the white-rumped vulture *Gyps bengalensis* caused by the introduction of a veterinary non-steroidal anti-inflammatory drug \[[@pone.0228742.ref029]\] or the near extirpation of many populations of fish-eating birds and birds of prey in the late 20^th^ Century caused by organochlorine pesticides \[[@pone.0228742.ref030]\]. For the time being, therefore, we suggest that an average value of the multiplier should be used, derived from empirical data on the prevalence and magnitude of documented declines based upon data for large groups of species. We envisage that the most feasible refinement of our method to account for reliable predictors of the future prevalence and magnitude of sustained population declines would be to incorporate predictions based upon models of species' distribution in relation to bioclimate variables. Such models have been found to provide some predictive power when observed bird population trends in Europe and the USA were compared with retrodicted trends based upon bioclimate models and observed climatic changes since the 1980s \[[@pone.0228742.ref031]\]. However, models of this kind have not yet been adapted to predict the magnitude of sustained population declines from predicted future climatic changes. Our suggested approach is intended to supplement rather than replace existing methods that assess the risk of global or population extinction. The prior application of established methods for the assessment of global extinction risk using established red-listing methods is essential \[[@pone.0228742.ref032]\], and applications of this approach at both national and local closed population levels are also practical and valuable \[[@pone.0228742.ref033]\], and species listed as Vulnerable, Endangered or Critically Endangered by the red-listing process should be regarded as in unfavourable conservation status without recourse to MVP Multiplier calculations. In addition, we suggest that populations of any species that are still undergoing sustained population decline at the end of a surveillance period should also be regarded as in unfavourable conservation status, regardless of their Red List status. This is because, as our results demonstrate, the eventual magnitude of any individual ongoing decline is difficult to predict and may be large.

Using these approaches sequentially, only stable and increasing populations that do not qualify as threatened under IUCN criteria and are also larger than the threshold indicated by the MVP Multiplier method would be regarded as exceeding a minimum threshold population size and, depending on other metrics, such as species range and habitat, could be classed as at Favourable Conservation Status (FCS) as defined by the European Habitats Directive 92/43/EEC. This assessment is only based upon extinction risk. Although adopting this definition based upon reduction of extinction risk would be in accord with the European Habitats Directive's requirement that a species' population with FCS should be able to "maintain itself" on a "long-term basis", fulfilling this criterion may not be an adequate condition for assigning FCS on its own. Long-term conservation success for a species is likely to require resilience to future climate change and other environmental changes which may be more frequent and have larger impacts than those which caused the past population declines that we have analysed here. Future conservation is therefore likely to require the long-term maintenance of multiple populations across the range of the species in representative ecological settings, with replicate populations in each setting, all of which should be self-sustaining, healthy, and genetically robust \[[@pone.0228742.ref034]\]. This logic implies that the maintenance of multiple sub-populations of a species, each of which is at a level larger than the threshold indicated by the MVP Multiplier method, would be needed before the status of the species as a whole could be regarded as favourable. However, more work is needed to specify how many replicate conserved populations are needed and which ecological settings should be represented. Hence, we argue that the MVP Multiplier method is a valuable starting point.

European legal interpretation of the relationship between measured criteria and FCS {#sec019}
-----------------------------------------------------------------------------------

FCS, as determined by a process using multiple criteria, is recommended to be a "legally binding minimum standard" \[[@pone.0228742.ref030]\]. Further targets for population recovery and conservation, which are independent of an FCS decision-making process and determined at national, flyway or international scales should also include multiple criteria and take account of species range and habitat in their calculation. Such a conservation target for population size is likely to be substantially greater than a minimum threshold. Correspondingly, European Commission guidance documents for the European Habitats and Birds Directives stress that FCS as a whole, must be assessed as "distance from some favourable state" rather than distance from extinction \[[@pone.0228742.ref035], [@pone.0228742.ref005]\].

Conclusions {#sec020}
===========

The MVP Multiplier method we propose in this paper offers some advantages as a method to make an extinction risk-based, minimum threshold criterion based on population size, more likely to be protective in the long term, than an MVP assessment based upon the small-population paradigm alone. We view our suggestion as providing a tool to enable a transparent and robust extinction risk based decision amongst other necessary decisions to determine FCS, as a legally binding minimum standard for species conservation. Our proposal is a response to Caughley's \[[@pone.0228742.ref018]\] criticism that the declining-population paradigm and small-population paradigm are rarely brought together in effective and useful ways to solve conservation problems. However, implementation of the MVP Multiplier approach requires the calculation of an appropriate value for a stable-population paradigm MVP, which remains challenging \[[@pone.0228742.ref028]\]. In addition, we agree with Redford *et al*. \[[@pone.0228742.ref034]\] that the conservation of multiple sub-populations of a species in each of several representative ecological settings is valuable. This calls for conservation assessments of widely distributed species to be undertaken at larger spatial scales than is customary at present. Finally, we recognise that there are characteristics of the status of populations relevant to Favourable Conservation Status that are only weakly linked to extinction risk and encourage the development of quantitative criteria that reflect them. These might include the degree to which the geographical range of a species covers its potential range, as determined by prevailing climatic conditions and habitat conditions in the absence of anthropogenic changes, such as pollution, overexploitation and habitat conversion.

Supporting information {#sec024}
======================

###### Data on population changes of UK breeding bird species with more than 10 years of monitoring data available between 1970 and 2013.

Columns show: the total length in years of the monitoring data for each species; the first and last years of total monitoring period and the original dataset sources are given. Source codes are: BoCC - smoothed trends fitted to annual data from the British Trust for Ornithology (BTO and Joint Nature Conservation Committee (JNCC) Common Birds Census (CBC) and the BTO/JNCC/Royal Society for the Protection of Birds (RSPB) Breeding Bird Survey (BBS) (Harris et al. 2015); RBBP - data from the Rare Breeding Birds Panel (Holling 2014); SCARRABS - national population estimates from surveys of single species, which were typically undertaken at intervals of at least several years (Eaton et al. 2015); Declines of at least 10 years duration were identified, and the first (t~1~) and last (t~2~) years of the declines are given. The population size or indexed population sizes n~1~ at t~1~ and n~2~ at t~2~ are given. References are as supplied in the main text.

(DOCX)

###### 

Click here for additional data file.

We thank Paul Donald and Mark Eaton for useful discussions and Joseph Veech and an anonymous reviewer for constructive criticisms.
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Reviewer \#1: I have carefully read PONE-D-19-27507 "Implications of the prevalence and magnitude of sustained declines for determining a minimum threshold Favourable Reference Value for population size" by Green et al. and now provide this review. Overall, the manuscript is well written, design and analysis are sound, and the goal of the study is very worthwhile. My comments mostly pertain to increasing the clarity of the writing in some places and also expanding the context to make the manuscript of interest to a greater readership. Comments are presented in order of occurrence in manuscript.

Line 30: "animal populations", not just birds? See my later comment about the potential difficulty of applying this technique for organisms in which there is not much long-term monitoring data.

Line 35: Is this literally true? We would hope that the multiplier can reduce the risk that population gets depleted below MVP, but whether population actually falls below MVP depends on events out there in the real world, not whether or not an MVP value is increased via the multiplier.

Lines 38 -- 46: These lines are referring to all the bird species collectively, is this correct? That is, the multiplier is not calculated separately for each species. Writing needs to be clearer. (Later in manuscript this is clear, but needs to be so here as well.)

Lines 40 -- 41: This is a bit ambiguous. Does the decline of 16-fold refer to a population decreasing by 16X over the course of 100 years? I think it would be more direct and easier for the reader to comprehend if the authors thought about population declines as percent change per year. For instance, even a consistent 2 - 3% decline per year is very substantial if it occurs over many decades. If I did the math right, a decline of 16X over 100 years corresponds to an annual decline of 2.8%. Later in the manuscript, the authors do refer to percent decline per year, but need some mention here as well.

Except for Lines 63 - 65, Introduction is very Euro-focused. That\'s ok, but manuscript would have more appeal if it could also refer (briefly) to conservation legislation is USA/Canada.

Line 57: Authors should see the Partners-in-Flight Landbird Population Estimates Database and Rosenberg et al. (2016) paper. But be aware that the methodology of the Rosenberg et al. paper was criticized. Nonetheless, it is an example (North American) of attempting to estimate range-wide population sizes and set target values.

Lines 63 -- 65: This is a correct statement. However, there is some conservation legislation that does specify size of a recovered population. The Marine Mammal Protection Act (USA) specifies that marine mammal populations must be maintained (managed) to be at a size that is at least half the carrying capacity. (Of course, the problem is that it is difficult to estimate K.) Also, with regard to this sentence, it might be better to say that the methods do not always identify a target population size (for recovery, healthy, favourable) rather than saying that the methods are \"poorly developed\".

Lines 71 -- 76: Agreed, well-stated.

Lines 84 -- 85: Again, this sentence seems to imply that the multiplier is not calculated separately for each species. Writing needs to be more explicit and precise. (Granted, later in the manuscript, this ambiguity is cleared up.)

Lines 95 -- 97: This sentence sort of leaves the reader hanging wondering what this two-century population trend study is all about. Perhaps add one or two more sentences that give a little more information, even though the study is described a little more later in the manuscript.

Line 120 and elsewhere: The overall idea of a SPD and being able to identify one quantitatively is interesting. Have other authors written about this, and particularly used the phrase \"sustained population decline\"?

Lines 128-137: It might be worthwhile to have a figure that helps explain the determination (identification) of a SPD. Also, have any other authors used these criteria? They seem straightforward enough that other authors might have used same or very similar, and hence should be cited.

Lines 135 -- 137: Does this mean that a given species might have more than one SPD? If so, say this explicitly. (I saw later that Line 147 answered my question, nonetheless, provide a little more info here.)

Lines 142-144: OK, good to identify these censored SPDs, but then what? Were they still used in subsequent analyses? Might need one brief follow-up sentence here. Line 155-156: OK, but again, how was this information used? What did you do with these truncated SPDs? Line 157: Again, this still begs the question of why truncated SPDs were identified as such.

Lines 168-170: More precisely, I think this is an exponential DECAY function.

Line 172: More precisely, is theta the annual PROBABILITY of an SPD ending? Be consistent with Line 165.

Lines 179-181: Not sure what the authors mean by observed and expected numbers of declines. Is the expected number based on a given estimated value of theta? and hence the chi-square test is a way of assessing if the estimated value of theta is \"accurate\", as in a non-significant chi-square statistic? More explanation may be needed.

Lines 220-222: Doesn\'t the prevalence of SPDs also need to take into account the magnitude of an SPD, or is this \"built into\" the definition of an SPD? That is, an SPD can have any m value greater than zero, correct? (Nonetheless, identifying an SPD in count data from an annual survey probably is made more likely as the severity of the decline in the real population becomes more pronounced, and as such the observed prevalence of SPDs would depend on their estimated magnitude because this itself depends on the real magnitude.)

Line 243: Proportion of composite periods? or proportion of species (showing an SPD) during the composite period?

Lines 242 - 252: I\'m not sure that the 15 surveillance periods of the GAB data are truly independent of one another with regard to the response variable, proportion of species with a decline. For example, when two periods of length a and b are combined to give a period with length c, doesn\'t the proportion of species with a decline in period c somehow depend on the proportions in a and b? I don\'t know for sure if there\'s an issue here with non-independence, but if there is, then it would call into question the legitimacy of the regression (Fig. 1).

Lines 262 - 263: Over what range of magnitudes? Line 268: A decline of what magnitude?

Line 271: Species as the unit for bootstrapping? or more precisely, was it the observed SPDs that were resampled (bootstrapped)?

Lines 325 - 328: These results hold regardless of magnitude of the SPD? That is, the values of 31.9 years, 10%, and 73.5% were determined over a wide range of magnitudes?

Lines 389 - 391: I\'m not familiar with the reference that the authors give. In addition, they should see some of the research using the North American Breeding Bird Survey data, these are publications by John Sauer and others.

Lines 394-395: Be more precise about what is meant by \"negative bias\". I think the authors are suggesting that population declines (duration and hence overall magnitude) might be UNDERESTIMATED when the beginning and end of the trends cannot be identified in the monitoring data.

Lines 395-396: A recurring theme in the manuscript is that time-series data are often left and right-truncated and that this must be taken into account when trying to quantify a trend. To me, it seems like this must be a relatively common issue in the use of time-series data, are there general (and statistical) references to cite? Also, how have other authors dealt with this issue, either in bird data or perhaps population data (or any time series data) for other animal taxa?

Lines 402 - 407: As I previously commented, to me it makes more sense and is more intuitive to cast the trend as percent population change per year rather than (or in addition to) an X-fold difference between beginning and ending population size. A decline of 2 - 3% is serious when it is continual (every year) and over a long period of time (decades to century). This is what this study is really getting at. 8-fold for 100 years = -2.1% per year, 43-fold = -3.8%.

Lines 422 - 426: Excellent point.

Lines 430 - 458: I generally agree with everything that is stated here. However, I think the authors need to (1) not rely so much on the 15.8 multiplier that would be needed to offset 10% of birds expected to have an SPD of this magnitude within 100 years. It is ok to present this info but perhaps briefly present other scenarios (e.g., X% of birds expected to have an SPD of magnitude 5 or greater over a time period of 50 years). Perhaps a table of values for different multiplier scenarios could be useful. (2) Putting this analytical technique into practice for other taxa could be very difficult. Other than birds (and perhaps some insects) there is not any really long-term data that could be used to derive the multiplier. Authors should acknowledge this limitation more thoroughly and perhaps include an appeal for ecologists to start collecting such long-term data on other taxa.

Lines 479-482: Another good point.

Lines 493-519: This section is also very Euro-focused. That\'s ok but it does limit the appeal of the study somewhat. Perhaps the authors could link to conservation legislation in USA/Canada a little bit.

Lines 504-519: Sentences here seem a little off the subject or out of place. None of this content derives directly from the results of this study (calculation and values of the multiplier). At the least, these sentences should be condensed or incorporated into Introduction.

Overall the conclusion section is good, however be careful with statements such as Lines 529-530 \"one transparent and robust population size decision\". Is the \"one\" referring to using just one value of a multiplier? This would be a bad idea when defining the size of a recovered population. Rather, it is better to use a range of multipliers (e.g., 95% CIs) for adjusting the MVP, just as no one would present just one MVP size.

I enjoyed reading this manuscript.

Joe Veech

Reviewer \#2: I find this manuscript very difficult to review. It contains an extensive analysis of sustained population declines in UK birds, and applies the results of that analysis to recommend adjustments to minimum population size (FRV-P) values that are part of the FCS assessments of the EU. I have concerns about the overall integration of the various components of the manuscript.

A few general comments:

1\. It is really difficult to decipher the alphabet soup of acronyms in the manuscript.

2\. These is a fundamental fuzziness in much of the descriptions of the conservation assessment information (such as FRV, FRV-P, etc) that complicates this discussion. Is FRV-P a threshold category for conservation action or a population status? That is never mentioned.

3\. The primary analysis of the manuscript is poorly motivated. After a discussion of EU conservation categorizations, the manuscript switches gear to provide an extensive discussion of modeling durations of population declines. Then, it only returns to the original motivation (the conservation assessments) at the end, applying the very general results to attempt to inform very specific questions. These pieces need better integration.

It seems to me that there is a disconnection between the abstract (that is strongly focused on the conservation application) and the bulk of the manuscript (that is primary about the analysis of sustained population declines). I find it difficult to believe that the high-level result extracted from the bird population analysis and applied to conservation question (i.e., how much to adjust FRV-P) really has credibility, as it is produced at such a high level of abstraction from any species.

I question the rather grandiose assessment that this approach combines Caughley\'s rare population and declining population paradigms. I would that would best be done in a model that contains temporal stochasticity in demographic parameters.

4\. I find it difficult to pass judgement on the quality of the primary analysis, of sustained population declines. It is an interesting result, but it seems to me that there are many assumptions that need to be stated. There would be huge heterogeneity among species in this probability, but that is not considered here, and the way significant periods of decline is defined and estimated makes no accommodation for the imprecision inherent in estimation of declines.

Specific comments:

Abstract: I find this to be quite confusing, as it pummels the readers with poorly described jargon. It could use some strong editing to provide a clear statement of the issue and how this analysis improves it. As I note elsewhere, it seems to me that the focus of the paper is the analysis of sustained declines, but the focus of the abstract is how the overall result ties into 1 component of FCS.

L 28. I had not heard of the term Favorable Conservation Status, and this first sentence just does\'nt make sense to me. This should be reworded to at last describe (even vaguely!) what FCS is, and perhaps how FRV-P (l. 30) relates to it!

l\. 55. Quantitative methods are always needed! I think you want to say that efficient methods are needed.

l\. 59. You still have not defined this concept of \"Favorable Conservation Status!\" What does it mean? L 66-69 indicate that this concept relates to criteria we usually asspciate with risks of extinction, or species characteristics that provide a rationale for conservation activity. Please state this.

l\. 69 and following. You choose to focus on just one element of FCS. It seems to me that your introduction up to this point is misleading, as you are not discussing FCS comprehensively, but are just refining one element of it.

l\. 71 and following. Pleae clarify the motivation for defining FRV-P. There seems to be a lot of semantics on this paragraph. You call this \"numerical measures of population size.\" Is this the current population size (i.e, the population status), or is this a minimum viable population size? I find this confusing. Defining population status is common, and identifying species with small populations is often considered a risk factor for conservation assessments (i.e., Rabinowitz-style criteria), but these status values are much different than MPVs which relate specifically to a demographic modeling attribute. Statements in this paragraph suggest that you wish to define FRV-P as a modified MVP, but is that the actual intent of the FRV-P criterion?

I believe that what you are saying here is the FRV-P is designed to be a MVP, and that your analysis provides an ad-hoc scaling of MVP to accommpdate stochastic effects not included in the original MVP formulation. If so, why not just define a more realistic MVP that includes such stockasticity?

l\. 90-93. This seems to me to be a odd comment. How do we know that several decades is short relative to the duration of some declines? It would be better to say that perhaps declines defined over short intervals are not predictive of long term declines and thus do not inform extinction probabilities (as Thogmartin and Stanton have done for North American birds).

l\. 121-123. This criterion defines a period of decline and recovery. the later criteria (up to line 135) are rules for finding the smallest n in the interval. Why not just say that?

l\. 138. You never state it explicitly, but presumably the duration of the SPD is from tstart to tlow.

SPDs must also be at least 10 years in duration. This seems very arbitrary, and likely to have a strong influence on the results.

l\. 165 onward. All analyses after this point make identical distribution assumptions among the SBDs. Is that valid?

l\. 165-170. This seems to me to be an oversimplification. If so, why only consider d \>9? Are there issues associated with not having d \<10 in this analysis?
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Dear Editor, the following is a copy of our Response to Reviewers\' comments, I hope that is what is required in this section.

Rebuttal letter for manuscript: PONE-D-19-27507

Implications of the prevalence and magnitude of sustained declines for determining a minimum threshold Favourable Reference Value for population size.

\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

AUTHORS' INTRODUCTION TO THE REBUTTAL

We thank the reviewers for their comments. In the following list, we have numbered all the comments which require a response (labelled COMMENT) and then responded to each one (labelled RESPONSE).

COMMENT 1.1

Reviewer \#1: I have carefully read PONE-D-19-27507 "Implications of the prevalence and magnitude of sustained declines for determining a minimum threshold Favourable Reference Value for population size" by Green et al. and now provide this review. Overall, the manuscript is well written, design and analysis are sound, and the goal of the study is very worthwhile. My comments mostly pertain to increasing the clarity of the writing in some places and also expanding the context to make the manuscript of interest to a greater readership. Comments are presented in order of occurrence in manuscript.

RESPONSE: We appreciate this comment very much and are most grateful for the reviewer's careful reading of our MS. The constructive and perceptive criticisms have been most valuable in making revisions.

COMMENT 1.2

Line 30: "animal populations", not just birds? See my later comment about the potential difficulty of applying this technique for organisms in which there is not much long-term monitoring data.

RESPONSE: We accept that data availability limitations will affect the taxa to which our suggested approach will be applicable. However, we think that there is nothing about our approach that is specific to birds, given that time-series data on the size of populations or indices of population size can be obtained. We think that such data of this kind exist for more than just birds, as is illustrated by the taxonomic coverage of, for example, the Living Planet Index. We have revised the text in the Introduction to say this.

COMMENT 1.3

Line 35: Is this literally true? We would hope that the multiplier can reduce the risk that population gets depleted below MVP, but whether population actually falls below MVP depends on events out there in the real world, not whether or not an MVP value is increased via the multiplier.

RESPONSE: Thank you for pointing out this sloppy drafting. We intended to say that the approach ALLOWS FOR the risk, not that it reduces it. We have rewritten that section to correct this.

COMMENT 1.4

Lines 38 -- 46: These lines are referring to all the bird species collectively, is this correct? That is, the multiplier is not calculated separately for each species. Writing needs to be clearer. (Later in manuscript this is clear, but needs to be so here as well.)

RESPONSE: Thank you for pointing this out. You are correct and we have clarified the text here.

COMMENT 1.5

Lines 40 -- 41: This is a bit ambiguous. Does the decline of 16-fold refer to a population decreasing by 16X over the course of 100 years? I think it would be more direct and easier for the reader to comprehend if the authors thought about population declines as percent change per year. For instance, even a consistent 2 - 3% decline per year is very substantial if it occurs over many decades. If I did the math right, a decline of 16X over 100 years corresponds to an annual decline of 2.8%. Later in the manuscript, the authors do refer to percent decline per year, but need some mention here as well.

RESPONSE: We wrote "Over a surveillance period of 100 years, we estimated that there was a 10% risk across species, that a sustained population decline of at least sixteen-fold would begin." Hence, we are not concluding that a population would decline by that amount within that period. We believe this to be clear and that also including the rate of annual decline may be more confusing. Our logic for focussing of decline magnitudes rather than rates is explained later in the paper.

COMMENT 1.6

Except for Lines 63 - 65, Introduction is very Euro-focused. That\'s ok, but manuscript would have more appeal if it could also refer (briefly) to conservation legislation is USA/Canada.

RESPONSE: We agree. Our paper was stimulated by concern among people interested in the European Union's environmental regulations and standards. We have revised the text throughout to broaden the focus. For example, we have included a reference to Partners in Flight population targets (see below).

COMMENT 1.7

Line 57: Authors should see the Partners-in-Flight Landbird Population Estimates Database and Rosenberg et al. (2016) paper. But be aware that the methodology of the Rosenberg et al. paper was criticized. Nonetheless, it is an example (North American) of attempting to estimate range-wide population sizes and set target values.

RESPONSE: Thank-you for this suggestion which has been included in the text

COMMENT 1.8

Lines 63 -- 65: This is a correct statement. However, there is some conservation legislation that does specify size of a recovered population. The Marine Mammal Protection Act (USA) specifies that marine mammal populations must be maintained (managed) to be at a size that is at least half the carrying capacity. (Of course, the problem is that it is difficult to estimate K.) Also, with regard to this sentence, it might be better to say that the methods do not always identify a target population size (for recovery, healthy, favourable) rather than saying that the methods are \"poorly developed\".

RESPONSE: We agree and have revised the Introduction to be clearer on this, although we have not directly included the Marine Mammal protection Act example.

COMMENT 1.9

Lines 71 -- 76: Agreed, well-stated.

RESPONSE: We appreciate this positive comment. We have retained text on this key principle concerning the Caughley small-population paradigm MVP, though we have restructured the section somewhat to accommodate other issues.

COMMENT 1.10

Lines 84 -- 85: Again, this sentence seems to imply that the multiplier is not calculated separately for each species. Writing needs to be more explicit and precise. (Granted, later in the manuscript, this ambiguity is cleared up.)

RESPONSE: We have changed the wording to clarify that calculation for each species is necessary.

COMMENT 1.11

Lines 95 -- 97: This sentence sort of leaves the reader hanging wondering what this two-century population trend study is all about. Perhaps add one or two more sentences that give a little more information, even though the study is described a little more later in the manuscript.

RESPONSE: We have improved this section, but aimed not to repeat what (as the reviewer acknowledges) we say later.

COMMENT 1.12

Line 120 and elsewhere: The overall idea of a SPD and being able to identify one quantitatively is interesting. Have other authors written about this, and particularly used the phrase \"sustained population decline\"?

RESPONSE: We think that this is a novel term , though we think that the concept is logical, simple and useful.

COMMENT 1.13

Lines 128-137: It might be worthwhile to have a figure that helps explain the determination (identification) of a SPD. Also, have any other authors used these criteria? They seem straightforward enough that other authors might have used same or very similar, and hence should be cited.

RESPONSE: We considered this but have not come up with a clear enough figure. A schematic diagram can be more ambiguous than the description in the written text. The algorithmic determination of an SPD in this paper is original and was not taken from another published text. Although it is complicated, we think that having full details of the definition as text is the best way to present it.

COMMENT 1.14

Lines 135 -- 137: Does this mean that a given species might have more than one SPD? If so, say this explicitly. (I saw later that Line 147 answered my question, nonetheless, provide a little more info here.)

RESPONSE: Yes, we have clarified this.

COMMENT 1.15

Lines 142-144: OK, good to identify these censored SPDs, but then what? Were they still used in subsequent analyses? Might need one brief follow-up sentence here. Line 155-156: OK, but again, how was this information used? What did you do with these truncated SPDs? Line 157: Again, this still begs the question of why truncated SPDs were identified as such.

RESPONSE: We have checked the text on truncation and believe that the logic is clear. Truncated SPDs cannot be used uncritically to determine duration for obvious reasons. However, before truncation has occurred the data can be used to estimate the annual probability that an SPD which is in progress comes to an end. This is a form of censored survival analysis, where "survival" in this case is the persistence from one year to the next of an ongoing decline. We have added text to make this point. All SPDs contributed some data, including values for the mean annual rate of decline, which was obtainable for all of them.

COMMENT 1.16

Lines 168-170: More precisely, I think this is an exponential DECAY function.

RESPONSE: Indeed. This is an exponential decay function. We have now added those helpful words to the sentence defining the function.

COMMENT 1.17

Line 172: More precisely, is theta the annual PROBABILITY of an SPD ending? Be consistent with Line 165.

RESPONSE: Yes, that is a clearer way of putting it, so we've used it. Thank you.

COMMENT 1.18

Lines 179-181: Not sure what the authors mean by observed and expected numbers of declines. Is the expected number based on a given estimated value of theta? and hence the chi-square test is a way of assessing if the estimated value of theta is \"accurate\", as in a non-significant chi-square statistic? More explanation may be needed.

RESPONSE: The reviewer is correct. The purpose of the chi-squared test is to check whether assuming the exponential decay function is a reasonable way to model the rate at which SPDs come to an end (by populations stopping declining and becoming stable). We have added text to explain that better.

COMMENT 1.19

Lines 220-222: Doesn\'t the prevalence of SPDs also need to take into account the magnitude of an SPD, or is this \"built into\" the definition of an SPD? That is, an SPD can have any m value greater than zero, correct? (Nonetheless, identifying an SPD in count data from an annual survey probably is made more likely as the severity of the decline in the real population becomes more pronounced, and as such the observed prevalence of SPDs would depend on their estimated magnitude because this itself depends on the real magnitude.)

RESPONSE: "Prevalence" is defined as whether an SPD occurs or not (see line 220-221) and not how big or rapid it is. We show elsewhere (lines 192-196) that annual RATE of decline in SPDs is not dependent on their duration. That allows us to estimate rates of decline and prevalences separately and then combine them later (at line 259). We have added text to say that. Thank you for pointing out the need to do this.

COMMENT 1.20

Line 243: Proportion of composite periods? or proportion of species (showing an SPD) during the composite period?

RESPONSE: We have reworded this as the reviewer suggests. This makes it clearer- thank you.

COMMENT 1.21

Lines 242 - 252: I\'m not sure that the 15 surveillance periods of the GAB data are truly independent of one another with regard to the response variable, proportion of species with a decline. For example, when two periods of length a and b are combined to give a period with length c, doesn\'t the proportion of species with a decline in period c somehow depend on the proportions in a and b? I don\'t know for sure if there\'s an issue here with non-independence, but if there is, then it would call into question the legitimacy of the regression (Fig. 1).

RESPONSE: The 15 surveillance periods certainly are not truly independent. This is why we did not perform a significance test on the regression. Our intention here was not to perform a test of the (highly implausible a priori) null hypothesis that decline prevalence is unrelated to surveillance period duration. Rather, it was to obtain an empirical relationship between prevalence and duration. The regression is legitimate for that purpose. We have added some text to the results to say this.

COMMENT 1.22

Lines 262 - 263: Over what range of magnitudes? Line 268: A decline of what magnitude?

RESPONSE: Our analysis covers the whole range of magnitudes. We have added text to this effect.

COMMENT 1.23

Line 271: Species as the unit for bootstrapping? or more precisely, was it the observed SPDs that were resampled (bootstrapped)?

RESPONSE: it was species (as stated), but in almost all cases there was just one SPD per species, so it is nearly the same thing.

COMMENT 1.24

Lines 325 - 328: These results hold regardless of magnitude of the SPD? That is, the values of 31.9 years, 10%, and 73.5% were determined over a wide range of magnitudes?

RESPONSE: This statement refers to SPDs of all magnitudes. Decline magnitude is taken into account in a later steps in our procedure (decribed at lines 339 and 364). We show elsewhere that the rate of decline was not related to SPD duration (see lines 192-196).

COMMENT 1.25

Lines 389 - 391: I\'m not familiar with the reference that the authors give. In addition, they should see some of the research using the North American Breeding Bird Survey data, these are publications by John Sauer and others.

RESPONSE: This is a useful point. We have referenced a recent Partners in Flight report which uses a method based on decline rates and numerical population targets.

COMMENT 1.26

Lines 394-395: Be more precise about what is meant by \"negative bias\". I think the authors are suggesting that population declines (duration and hence overall magnitude) might be UNDERESTIMATED when the beginning and end of the trends cannot be identified in the monitoring data.

RESPONSE: We have used the reviewer's wording here to make the point clear and jargon-free. Our new text, "This can lead to underestimation of decline duration and magnitude" says it unambiguously.

COMMENT 1.27

Lines 395-396: A recurring theme in the manuscript is that time-series data are often left and right-truncated and that this must be taken into account when trying to quantify a trend. To me, it seems like this must be a relatively common issue in the use of time-series data, are there general (and statistical) references to cite? Also, how have other authors dealt with this issue, either in bird data or perhaps population data (or any time series data) for other animal taxa?

RESPONSE: This is a good point. We have added text drawing attention to the analogy between our analyses of SPD duration and censored analyses of survivorship. The reference to Kalbfleisch (1979) gives methods.

COMMENT 1.28

Lines 402 - 407: As I previously commented, to me it makes more sense and is more intuitive to cast the trend as percent population change per year rather than (or in addition to) an X-fold difference between beginning and ending population size. A decline of 2 - 3% is serious when it is continual (every year) and over a long period of time (decades to century). This is what this study is really getting at. 8-fold for 100 years = -2.1% per year, 43-fold = -3.8%.

RESPONSE: We agree with the reviewer that it is neither the duration nor the rate of the decline that is important from the point of view of conservation, but how rate and duration combine to produce magnitude (change from beginning to end of and SPD). So we disagree with the conclusion the reviewer draws here whilst supporting the foregoing logic!

COMMENT 1.29

Lines 422 - 426: Excellent point.

RESPONSE: We appreciate the reviewer's support here.

COMMENT 1.30

Lines 430 - 458: I generally agree with everything that is stated here. However, I think the authors need to (1) not rely so much on the 15.8 multiplier that would be needed to offset 10% of birds expected to have an SPD of this magnitude within 100 years. It is ok to present this info but perhaps briefly present other scenarios (e.g., X% of birds expected to have an SPD of magnitude 5 or greater over a time period of 50 years). Perhaps a table of values for different multiplier scenarios could be useful. (2) Putting this analytical technique into practice for other taxa could be very difficult. Other than birds (and perhaps some insects) there is not any really long-term data that could be used to derive the multiplier. Authors should acknowledge this limitation more thoroughly and perhaps include an appeal for ecologists to start collecting such long-term data on other taxa.

RESPONSE: We did not intend to rely on the 15.8 multiplier. We point out (lines 440-443) that the selection of this value of the multiplier depends upon an arbitrary decision about how much risk is acceptable- in this case we take it that a 90% chance of the population not being depleted to below the small-population paradigm MVP is acceptable. We have added some text at line 441 to emphasise this. We have added text to the Introduction about the range of taxa to which our method could be applied. We think that it is quite wide. In addition to birds and insects, mentioned by the reviewer, there is the range of vertebrate taxa covered by the Living Planet Index.

COMMENT 1.31

Lines 479-482: Another good point.

RESPONSE: We appreciate the reviewer's support here.

COMMENT 1.32

Lines 493-519: This section is also very Euro-focused. That\'s ok but it does limit the appeal of the study somewhat. Perhaps the authors could link to conservation legislation in USA/Canada a little bit.

RESPONSE: We agree and have widened the focus of this section.

COMMENT 1.33

Lines 504-519: Sentences here seem a little off the subject or out of place. None of this content derives directly from the results of this study (calculation and values of the multiplier). At the least, these sentences should be condensed or incorporated into Introduction.

RESPONSE: We agree and have reduced and rewritten this section and put some of the content into the Introduction where the logic is clearer.

COMMENT 1.34

Overall the conclusion section is good, however be careful with statements such as Lines 529-530 \"one transparent and robust population size decision\". Is the \"one\" referring to using just one value of a multiplier? This would be a bad idea when defining the size of a recovered population. Rather, it is better to use a range of multipliers (e.g., 95% CIs) for adjusting the MVP, just as no one would present just one MVP size.

RESPONSE: This is a good point we have changed the 'one' to 'a'.

COMMENT 1.35

I enjoyed reading this manuscript.

RESPONSE: We are most grateful for the reviewer's careful scrutiny and constructive suggestions.

Joe Veech

\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

REVIEWER \#2: I find this manuscript very difficult to review. It contains an extensive analysis of sustained population declines in UK birds, and applies the results of that analysis to recommend adjustments to minimum population size (FRV-P) values that are part of the FCS assessments of the EU. I have concerns about the overall integration of the various components of the manuscript.

A few general comments:

COMMENT 2.1

It is really difficult to decipher the alphabet soup of acronyms in the manuscript.

RESPONSE: We have removed much of this from the manuscript to make it more accessible and generally applicable beyond the issue of Favourable Conservation Status as defined legally in Europe.

COMMENT 2.2

These is a fundamental fuzziness in much of the descriptions of the conservation assessment information (such as FRV, FRV-P, etc) that complicates this discussion. Is FRV-P a threshold category for conservation action or a population status? That is never mentioned.

RESPONSE: We use these terms because they are familiar to those engaged with the EU process. However, we agree that this is a limited subset of readers immersed in the world of FRVs, so have generalised the wording of the conservation assessment information to widen its interest and improve clarity. We have also altered the title to remove mention of terms used in the European Union's legal processes.

COMMENT 2.3

The primary analysis of the manuscript is poorly motivated. After a discussion of EU conservation categorizations, the manuscript switches gear to provide an extensive discussion of modeling durations of population declines. Then, it only returns to the original motivation (the conservation assessments) at the end, applying the very general results to attempt to inform very specific questions. These pieces need better integration.

RESPONSE: Our Introduction now more clearly outlines our motivation for the new method proposed.

COMMENT 2.4

It seems to me that there is a disconnection between the abstract (that is strongly focused on the conservation application) and the bulk of the manuscript (that is primary about the analysis of sustained population declines). I find it difficult to believe that the high-level result extracted from the bird population analysis and applied to conservation question (i.e., how much to adjust FRV-P) really has credibility, as it is produced at such a high level of abstraction from any species.

RESPONSE: We have improved the abstract and the Introduction to lay a better foundation for what the paper is trying to achieve. We believe that reviewer 2, when criticising the proposed method as having a 'high level of abstraction from any species' is criticising the generic nature of the multiplier. We believe as stated in the manuscript, that this is a strength because it does not make assumptions as to the types of declines that may befall individual species and allows the unpredictability of real conservation problems to be common to all species. Our aim is to illustrate a generally protective multiplier to render small-population paradigm MVPs more robust, given that unpredicted long-term adverse changes befall populations. It is not intended to predict outcomes for individual species. We are highly sceptical that risks of future Sustained Population Declines can be predicted from species' attributes, with the possible exception of effects of climatic change.

COMMENT 2.5

I question the rather grandiose assessment that this approach combines Caughley\'s rare population and declining population paradigms. I would that would best be done in a model that contains temporal stochasticity in demographic parameters.

RESPONSE: We disagree with the reviewer here. The reviewer's assertion that our suggestion that our approach combines Caughley's two paradigms is "grandiose" seems harsh and we believe is misplaced. The two paradigms are manifestly explicitly linked together in our study- SPDs are characteristic of the declining-population paradigm and the MVP values that we propose to multiply reflect the small-population paradigm. So we think it reasonable to make this simple point, especially given Caughley's criticism that the two paradigms are too rarely brought together in solving practical conservation problems. The reviewer would prefer us to link the two in a very different way, using a PVA based upon a simulation model which uses estimates of temporal stochasticity in demographic parameters. If it was feasible, this might well be useful in assessing long-term risks to a given population. However, it would require robust estimates of all of the many parameters in the model. The data to support such models are simply not available for most species. In large part, that is because valid PVAs have to be based upon data which are not only robust, but also long-term. That combination is rarely achieved. Our different approach in this paper accepts that the future is difficult to predict and quantifies the rate of occurrence of past sustained population declines and their magnitudes, based upon empirical data. We are happy to admit that these rates and magnitudes might change over time and might not be a completely reliable guide to the future. However, we suggest that, at least in the foreseeable future, the results will be more likely to be such a guide to than individual PVA models based on guessed-at or poorly estimated parameter values.

COMMENT 2.6

I find it difficult to pass judgement on the quality of the primary analysis, of sustained population declines. It is an interesting result, but it seems to me that there are many assumptions that need to be stated. There would be huge heterogeneity among species in this probability, but that is not considered here, and the way significant periods of decline is defined and estimated makes no accommodation for the imprecision inherent in estimation of declines.

RESPONSE: We disagree with the reviewer here. As we point out in the paper, the past performance of conservation scientists and ecologists in predicting which species will undergo sustained population declines is not impressive. Hence, while the probability of such declines may well be heterogenous, we do not think that it is practical, with present knowledge, to account for that heterogeneity in these analyses. The assumptions and methods of our analysis are outlined in great detail and Reviewer 2 makes very few detailed comments below on assumptions that we have neglected to specify. We therefore believe that we have addressed those comments. We may not have presented the assumptions concerning the accuracy of the original monitoring data used clearly enough. if this is where Reviewer 2's criticism lies, we believe we have now addressed this. We note and appreciate that Reviewer 1 approves of the logic of our approach, and we have used these constructive comments of Reviewer 1 to clarify some points.

Specific comments:

COMMENT 2.7

Abstract: I find this to be quite confusing, as it pummels the readers with poorly described jargon. It could use some strong editing to provide a clear statement of the issue and how this analysis improves it. As I note elsewhere, it seems to me that the focus of the paper is the analysis of sustained declines, but the focus of the abstract is how the overall result ties into 1 component of FCS.

RESPONSE: Thank you. we have edited the abstract to clarify it and we have linked the abstract more closely to the focus of the paper.

COMMENT 2.8

L 28. I had not heard of the term Favorable Conservation Status, and this first sentence just does\'nt make sense to me. This should be reworded to at last describe (even vaguely!) what FCS is, and perhaps how FRV-P (l. 30) relates to it!

RESPONSE: Favourable Conservation Status is concept much in use in the European Union. Favourable reference values FRVs are also such. We have removed them from the abstract and title and have defined 'favourable' as a term in the introduction in the context of other assessments such as those in the US and Canada.

COMMENT 2.9

l\. 55. Quantitative methods are always needed! I think you want to say that efficient methods are needed.

RESPONSE: We agree that it is good to add the word "efficient". However, we did mean to say that the methods need to be quantitative as well. Previously (e.g. red-listing before the Mace-Lande criteria), conservation assessments of populations were efficient (in that they were done quite quickly and cheaply) but they were predominantly qualitative in most cases.

COMMENT 2.10

l\. 59. You still have not defined this concept of \"Favorable Conservation Status!\" What does it mean? L 66-69 indicate that this concept relates to criteria we usually asspciate with risks of extinction, or species characteristics that provide a rationale for conservation activity. Please state this.

RESPONSE: As we pointed out in the Introduction, the main point of our paper is that FCS (an EU technical and legal concept) has NOT BEEN DEFINED satisfactorily in quantitative terms and we therefore aim to contribute a way to do that. For example, we stated clearly in the first paragraph of the Introduction "the term 'favourable' does not yet have a generally accepted definition". We have redrafted the Introduction to present this and related concepts in a different way. We have removed the acronyms FCS and FRV-P but have kept the concept of what is a favourable population size which we believe (even if the reader is not familiar with the phrase Favourable Conservation Status) to be understandable to the reader.

COMMENT 2.11

l\. 69 and following. You choose to focus on just one element of FCS. It seems to me that your introduction up to this point is misleading, as you are not discussing FCS comprehensively, but are just refining one element of it.

RESPONSE: We now focus on favourable population size as a measure and do not imply that the paper deals with the whole concept of FCS.

COMMENT 2.12

l\. 71 and following. Pleae clarify the motivation for defining FRV-P. There seems to be a lot of semantics on this paragraph. You call this \"numerical measures of population size.\" Is this the current population size (i.e, the population status), or is this a minimum viable population size? I find this confusing. Defining population status is common, and identifying species with small populations is often considered a risk factor for conservation assessments (i.e., Rabinowitz-style criteria), but these status values are much different than MPVs which relate specifically to a demographic modeling attribute. Statements in this paragraph suggest that you wish to define FRV-P as a modified MVP, but is that the actual intent of the FRV-P criterion?

RESPONSE: We think that the first two paragraphs of the Introduction already did this explicitly and clearly. However, we have responded by moving this part of the paper away from the EU concepts of FCS and FRV-P. We have rewritten the Introduction to clearly state what our motivations are and we hope this flows more clearly now. Our intention in the Introduction is still to say that favourable status, including population size, exists as a concept in legislation, but there is no accepted way of measuring or defining it. We give some examples where others have used methods that we do not think are satisfactory. We then state how our proposed method attempts to address some of the issues raised.

COMMENT 2.13

I believe that what you are saying here is the FRV-P is designed to be a MVP, and that your analysis provides an ad-hoc scaling of MVP to accommpdate stochastic effects not included in the original MVP formulation. If so, why not just define a more realistic MVP that includes such stockasticity?

RESPONSE: We think that the "more realistic MVP that includes such stochasticity" is not achievable for nearly all real animal populations. Only for a vanishingly small number of populations are (a) density dependence, (b) demographic rates, (c) environmental stochasticity's effects on demographic rates known well enough and measured over a long enough period to build a reliable model of future risk. We contend that this is the case even for well-known species groups, such as birds. We therefore think that the reviewer's proposal is unrealistic if the objective is to estimate long-term future risk for all or most of a large group of species. We have redrafted the section of the Introduction about MVPs to say this.

COMMENT 2.14

l\. 90-93. This seems to me to be a odd comment. How do we know that several decades is short relative to the duration of some declines? It would be better to say that perhaps declines defined over short intervals are not predictive of long term declines and thus do not inform extinction probabilities (as Thogmartin and Stanton have done for North American birds).

RESPONSE: The reviewer has missed the point we are seeking to make here. Short-run monitoring populations does not reveal the full duration and magnitude of declines because their full probability distribution is veiled (i.e. short runs of data cannot tell you about long declines without special analysis).

COMMENT 2.15

l\. 121-123. This criterion defines a period of decline and recovery. the later criteria (up to line 135) are rules for finding the smallest n in the interval. Why not just say that?

RESPONSE: Our aim here was to define the rules for identifying SPDs explicitly in such a way that others could repeat it exactly. We don't feel that the suggested replacement sentence achieves that unamabiguous clarity.

COMMENT 2.16

l\. 138. You never state it explicitly, but presumably the duration of the SPD is from tstart to tlow.

RESPONSE: Later sections make it clear that defining the duration of SPDs requires that censoring is taken into account and we describe how that was done in detail. See lines 163-185.

COMMENT 2.17

SPDs must also be at least 10 years in duration. This seems very arbitrary, and likely to have a strong influence on the results.

RESPONSE: We accept that the ten-year threshold is arbitrary but do not think that our results are sensitive to this. Allowing a shorter threshold would inflate the number of SPDs detected but decrease the proportion of them that are high-magnitude. Hence, the effect on the multiplier calculation would be small.

COMMENT 2.18

l\. 165 onward. All analyses after this point make identical distribution assumptions among the SBDs. Is that valid?

RESPONSE: We do not understand this point. "identical distribution assumptions": identical with respect to what? We allow duration and magnitude to vary among species, but do not define subsets of species with differing distributions. That is because an empirical basis for doing that has not been established for this set of species, though it might be done in the future. Ignoring this possible subdivision for now does not seem to us to diminish the validity of our results. We have added text in the Discussion about what seems to us to be the most feasible method for making separate predictions of future SPD prevalence and magnitude for sub-groups of bird species. That is to do so using information about sensitivity to climatic change. However, the methods are not robust enough to do this yet.

COMMENT 2.19

l\. 165-170. This seems to me to be an oversimplification. If so, why only consider d \>9? Are there issues associated with not having d \<10 in this analysis?

RESPONSE: We test the assumption of a constant annual probability of SPD cessation explicitly- see lines 179-182. So it is a simplification but one for which we provide justification. We address the point about the threshold of ten years in response to a point above.

\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_
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